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1 DtJ PUCATE 
Improvements in or Relating to Tilting Vehicles 

The present invention relates to tilting vehicles. 

5 

It is known from EP0606191 to provide a three wheel tilting vehicle having a frame 
with one front wheel for steering and two driving rear wheels. Each rear wheel is 
mounted on a respective rearward facing swinging arm, each arm having a common 
balancer pivotably connected to the frame to provide dynamic and static stability to the 
10 . vehicle. Each rear, wheel is provided with a respective chain drive, from a differential 
gear to permit the vehicle to negotiate comers. The common balancer connection allows 
the vehicle to lean when cornering so that the frame and the wheels are inclined relative 
to a road surface. 

1 5 Several problems are associated with this kind of tilting vehicle. The arrangement of the 
rearward facing swinging arms requires the use of two chain final drives. Whilst the 
chain drives provide for a convenient power transmission they require periodic 
lubrication, adjustment and replacement, which is disadvantageous. Furthermore the 
rearward facing swinging arms are more suited to a relatively upright vehicle such as 

■: : t.. 

20 motorbike, and may result in a longer wheelbase. There may also be undesirable torque 
steer effects. 

What is required is an improved tilting vehicle which can overcome the aforementioned 
problems, and maximize road holding characteristics. 

25 

According to a first aspect of the invention there is provided a vehicle including a 
chassis having a fore and aft axis, a differential gear having a differential carrier, the 
differential carrier being pivotably mounted relative to the chassis about said axis, the 
differential gear having two opposite half shafts, each half shaft being connected to a 
30 respective wheel hub, the vehicle further including two opposite tie rods, each said 
wheel hub having one end of a respective tie rod pivotably connected thereto, the other 
end of the respective tie rod being pivotably connected to the chassis, the differential 
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carrier and the chassis having a control arm pivotably attached therebetween, whereby 
on cornering of the vehicle the control arm constrains the differential carrier to pivot 
relative to said chassis, in a predetermined manner. 



5- Avehtae-^-a^ 

transmitted is constrained when the vehicle executes a corner which controls the stress 
placed on the drive train. The stress is relieved by controlling the relative orientation of 
the differential carrier to a road surface. Use of the pivoting differential carrier permits 

.. — drive shafts tope. used. as. the.. final.. drive...which is advantageous from a-repair and 

0 maintenance perspective. A vehicle having a pair of driving wheels so described-has- 
improved road holding characteristics when compared to a conventional non-tilting 
vehicle. Such a tilting vehicle may be operated with a higher cornering speed by virtue 
of the fact that the centre of gravity of the vehicle.is lower to the ground as the vehicle 
tilts. A tilting vehicle according to the invention is also fun to drive because the frame 

5 is able to tilt in the manner of a motorcycle whilst retaining the inherent stability and 
safety of a three or four wheel vehicle. 

Each half shaft may be pivotably connected to a respective wheel hub via an outer 
universal joint 

In this specification by universal joint we means any coupling such as a hookes joint or 
a constant velocity joint which can accommodate an axial load and permits rotary drive 
to be transmitted at an angle. 

The respective tie rods may be upper or lower tie rods relative to the associated half 
shaft, and in a preferred embodiment there are provided upper and lower tie rods, 
^.Therein the respective half shaft!: arranged ihcreb=tr/iaii__ 
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In a preferred embodiment each half shaft is pivotably connected to the differential gear 
with an inner universal joint. 



Preferably at least one of the respective inner and outer universal joints provides for a 
5 change in length of the respective half shaft. This conveniently permits the drive shaft 
to plunge or extend should suspension movement require a change in length thereof. 
Controlled pivoting of the differential carrier relative to the road surface permits the 
drive train to be relieved of stress on cornering of the vehicle, and typically the 
differential carrier is arranged to pivot relative to the road surface through 
10 approximately half of the angle of tilt of the vehicle relative to the road surface. 

Preferably the respective tie rods are wishbones of conventional kind, such wishbones 
providing improved dynamic stability to the vehicle. 

15 The vehicle may further be provided with a suspension means and in a preferred 
embodiment such suspension means includes a chassis arm pivotably connected to the 
chassis, the chassis arm having pivotably connected thereto a compressible suspension 
unit connected to respective upper tie rods. Alternatively the chassis arm may have a 
respective compressible suspension unit for a respective upper tie rod associated with 

20 each wheels hub. 

The differential carrier may be pivotably mounted on the chassis with bearings and in a 
preferred embodiment there are provided forward and rearward bearings for the 
differential carrier. Such bearings providing for relative tilting of the differential with 
25 minimal friction. 

Preferably the respective tie rods are pivotably mounted on a common upper collar, the 
upper collar being pivotably mounted on the chassis above the differential carrier. In a 
preferred embodiment the upper collar is coaxially mounted on an upper cylindrical 
30 member of the chassis. Bearings may be provided between the upper collar and said 
upper cylindrical member to minimize friction. 
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In a preferred embodiment the chassis arm is fixed 6n the upper collar, and is preferably 
perpendicular to the ground in the static condition of the vehicle. 



Preferably the respective lower tie rods are pivotably mounted on a common lower 
5 -collar, -the tow coUar^emg ' plwtaBirmounteT on~the~ chas^unde^m""m7 
differential carrier. In a preferred embodiment the lower collar is coaxially mounted on 
a lower cylindrical member of the chassis. Bearings may be provided between 1he lower 
collar and said lower cylindrical member to minimize friction. The axis of the upper 
and lower coUars are preferably, vertically aligned in the . static condition of the vehicle. - 



) 



Preferably a suspension arm is pivotably connected between the upper collar and lower 
collar. Such a suspension arm adjusts the relative movement of the respective upper tie 
rods relative to the lower tie rods. In the preferred embodiment the suspension arm 
ensures equal movement of the upper and lower tie rods. The control arm may be 
pivotably connected between one of the upper and lower collars, and the differential 
carrier. 

Preferably the vehicle further includes an engine which is fixed relative to the chassis. 
The engine may have a shaft drive output on said axis and connected to the differential. 
Alternatively the engine may have a chain drive output perpendicular to said axis and 
driving a parallel lay shaft, the lay shaft having a universal joint connected to an input 
member of the differential, the input member on said axis so as to provide for pivoting 
of the engine relative to the differential carrier. 

In an alternative arrangement the engine may be arranged to pivot with the differential 
carrier. Fixing the engine relative to the differential carrier in this manner avoids the 
requiranentfor tiis universal joint in the drh»? rrnin. 



5 



pivotably attached therebetween, whereby on pivoting of the chassis about said axis the 
control arm constrains the differential carrier to pivot relative to said chassis, in a 
predetermined manner. 

5 Such an alternative characterization is a useful assembly which may be used with other 
features of the invention described above. 

Other features of the invention will be apparent from the following description of a 
preferred embodiment shown by way of example only in the accompanying drawing, in 
10 which; 

- Figure 1 is a schematic cross section of a pair of driving wheels for a vehicle 
according to the present invention 

- Figure 2 is a schematic cross section of the driving wheels of Figure 1 executing a 

15 corner. 

- Figure 3 is a schematic cross section of one of the pair of driving wheels of Figure 

1 travelling over a bump. 

- Figure 4 is a perspective line drawing of the differential shown inFigure L , • 

- Figure 5 is a schematic cross section from one side of the differential of Figure 1 . 
20 - Figure 6 is a schematic plan view of the driving wheels of Figure 1 . 

Referring firstly to Figure 1 there is shown a schematic cross section of a pair of driving 
wheels for a vehicle according to the present invention, generally designated 1 0. Figure 
1 shows a vehicle frame 12 with a differential 14. The differential 14 and frame 12 lie 
on a common vertical centre line V. The differential 14 has two drive shafts 16, 18 
which are each connected to a wheel 20, 22 by a respective Constant Velocity (CV) 
joint 21, 23. The wheels have profiled tyres, such as conventional motorcycle tyres, 
which are intended to operate at angles of inclination to a road surface. The drive shafts 
16, 18 are connected to the differential with respective CV joints 25, 27. In the resting 
30 condition the drive shafts 1 6, 1 8 he on a horizontal centre line H. 
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In Figure 1 each wheel 20, 22 is provided with a respective upper wishbone 24, 26 and 
a respective lower wishbone 28, 30. Each upper wishbone 24, 26 is pivotably connected 
to a respective suspension unit 32, 34. Each suspension unit 32, 34 is pivotably 
connected to a frame arm 36, the frame arm 36 being pivotably connected to the frame 
5 12; The upper wishbones 24, 26 are pivotably connected at 38. 40 to an upper part of 
the frame 12. The lower wishbones 28, 30 are pivotably connected 42, 44 to a lower 
part of the frame 12. 

. Thedifferen ^ 1 14 shown Figure 1 ^pivotably mounted 46 tojhe. frame 12.about.the-- 
10 ialerseetion.ofme.ve^^ 

differential 14 relative to me frame 12 is determined by a differential control arm 48 
and a suspension control arm 50. The differential control arm 48 is pivotably connected 
to an upper part of the frame 12 at 52 and to the differential 14 at 54. The suspension 
control arm 50 is pivotably connected to an upper part of the frame 12 at 52 and to a 
lower part of the frame 12 at 56. The length A represents the distance of the pivotable 
connection 54 from the vertical centre line V. The length B represents the distance of 
the pivotable connections 52 and 56 from the vertical centre line V. The importance of 
the ratio of the lengths A:B will become apparent from the following description. Also 
shown in Figure 1 is a centre line W along which the CV joint 21 of the wheel 20, the 
pivotable connection 58 of the upper wishbone 24, and the pivotable connection 60 of 
the lower wishbone 28 He. 
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25 



Figure 2 shows a schematic cross section of the driving wheels of Figure 1 inclined at 
an angle of approximately 45° to a horizontal road surface 62 as the vehicle executes a 
comer. Like features shown in Figure 1 are shown with like reference numerals. As the 
pair of driving wheels 10 execute the corner the differential control arm 48 and the 
suspension control arm 50 determine the degree of oivotins to the difbentbl relative 




the CV joints 21, 23 of the wheels 20, 22 so that the drive train is maintained 
substantially about the horizontal centre line H. Such straightening of the power train 
eases the stress on the CV joints 21, 23, 25, 27 which do not operate as efficiently at 
large angles of deviation. Without the pivoting differential 14 the drive train would be 
5 under greater stress upon execution of a corner. It can also be seen in Figure 3 that as 
die pair of driving wheels 10 execute a corner the frame arm 36 is displaced from the 
vertical centre line V. 

Now referring to Figure 3 there is shown a schematic cross section of one of the pair the 
10 driving wheels of Figure 1 going, over a bump 64. As the. wheel. 20 gqes. over/the bump , , 
64 the differential control arm 48 and the suspension control arm 50 determine the 
degree of pivoting to the differential 14 relative to the frame 12. Angle ja represents the 
angle of deviation of the drive shaft 16 from the horizontal centre line H. Figure 3 
shows that the operation of the suspension units 32, 34 whereby the angle a is half the 
15 angle \x such that the differential 14 pivots through half of the angle of the drive shaft 
16. 

Figure 4 shows a perspective line drawing of the differential 14 of Figure In 
particular Figure 4 shows the detail of the left hand side of the differential 14;, The 

20 wheels 20, 22 have been omitted for clarity. In Figure 4 the differential 14 is shown 
having a differential carrier 70. The differential carrier 70 is pivotably mounted to the 
frame 12 towards the front at 72 and towards the rear at 74. The pivot points 72, 74 lie 
on a front to back centre line F of the vehicle. A primary drive chain 76 from an engine 
(not shown) is connected to a universal coupling 78 which has a secondary chain 80 to 

25 drive the differential 14. The CV joint 25 between the differential 14 and the drive 
shaft 16 is also shown. 

Also shown in Figure 4 is the vertical centre line V passing through the frame arm 36. 
The frame arm 36 is fixed to a top collar 82 which is pivotably mounted on the frame 
30 12 via bearings 84, 86. The top wish bone 24 is pivotably mounted to the top collar 82. 
A similar arrangement for the bottom wish bone 28 is shown towards the bottom of the 
frame 12 whereby the bottom wish bone 28 is pivotably mounted on a bottom collar 88. 
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The bottom collar 88 is pivotably mounted on the frame 12 via bearings 90, 92. Also 
shown in Figure 4 is the connection of the differential control arm 48 and the 
suspension control arm 50. One end of the differential control arm 48 is pivotably 
connected to a first member 94 which is fixed to the differential carrier 70. The other 

5 end ofthe differential control" arm 48 is pivotably. connected to a second member 96 
which is fixed to the top collar 82. One end of the suspension control arm 50 is 
pivotably connected to the second member 96, the other end ofthe suspension control 
arm 50 is pivotably connected to a third member 98 which is fixed to the bottom collar 

... 88 * 111 Figure 4the universal j oint 78 can be omitted if me engine. (not shown), is 

6 arranged to pivot relative to the frame 12 in a similar manner to the pivoting.to the 
differential 14 relative to the frame 12. It will also be appreciated that whilst drive 
chains 76, 80 are shown the drive chains 76, 80 could be substituted for a drive shaft 
from the engine (not shown). 

5 Now turning to Figure 5 there is shown a schematic cross section from one side of the 
differential of Figure 1. In Figure 5 the differential carrier 70 is shown pivotably 
mounted to the frame 12 towards the front at 72 and towards the rear at 74. The top 
collar 82 and the bottom collar 88 are also shown pivotably mounted on the frame 12. 

In Figure 6 there is shown a schematic plan view of the driving wheels of Figure 1, 
generally designated 10. The horizontal centre line H, and the front to back centre line F 
of the frame 12 are shown, The top collar . 82 pivotably mounted on the frame 12 with 
bearings 84, 86 is also shown. The frame arm 36 fixed to the top collar 82 and having 
suspension units 32, 34 pivotably connected thereto are also illustrated as well as the 
arrangement of the respective upper wishbones 24, 26 and the respective lower 
wishbones 28, 30. The primary drive chain 76 is illustrated running parallel to the front 
to back centre line F. 



9 



A vehicle having a pair of driving wheels so described may have improved road holding 
characteristics when compared to a conventional non-tilting vehicle. Such a tilting 
vehicle may be operated with a higher cornering speed by virtue of the fact that the 
centre of gravity of the vehicle is lower to the ground as the vehicle tilts. Such a tilting - 
vehicle may also have improved cornering safety. A vehicle so described combines the 
advantages of a two wheel motorcycle which tilts with the four wheels safety of a car. 

It will be understood 'that various conventional changes to the suspension and drive 
shaft arrangement may.be made to. suit particular circumstances.. For .example^ the ride 
height of the chassis may be adjusted with the consequence that the drive shafts may 
not be horizontal in the rest condition. The upper and lower drive shafts may be of 
unequal length so as to, for example, give a positive camber at rest. 



Claims 

1. A vehicle including a chassis having a fore and aft axis, a differential gear 

5 having a differential carrier, the differential carrier being pivotably mounted relative to 
the chassis about said axis, the differential gear having two opposite half shafts, each 
half shaft being connected to a respective wheel hub, the vehicle further including two 
opposite tie rods, each said wheel hub having one end of a respective tie rod pivotably 
connected thereto, the other end of the respective tie rod being pivotably connected to 
10 „ the . chassis, the differential carrier and the" chassis having" a "control arm pivotably 

attached therebetween,' whereby oh cornering of the" vehicle the control arm constrains 

the differential carrier to pivot relative to said chassis, in a predetermined manner. 



2. A vehicle according to claim 1, wherein the respective tie rods are 
15 pivotably mounted on a common upper collar, the upper collar being pivotably mounted 

on the chassis above the differential carrier. 

3. A vehicle according to claim 2, wherein the upper collar is coaxiaUy 
mounted on an upper cylindrical member of the chassis. 

20 

4. A vehicle according to claim 3, wherein bearings are provided between the 
upper collar and said upper cylindrical member to minimize friction. 

5. A vehicle according to any of claims 2-4, wherein two opposite pairs of tie 
25 rods are provided above and below the respective half shaft. 

6. A vehicle according to claim 5, wherein respective tie rods are pivotably 
mcnmed on a caramon lor/cr collar, LLeJcv^r collar bix; :-~ tfibly 'mour^zd cr. the 
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8. • A vehicle according to claim 7, wherein bearings are provided between the 
lower collar and said lower cylindrical member to niinimize friction. 

9. A vehicle according to any of claims 2-8, wherein each of the upper and 
5 lower collars have a radius arm extending therefrom on the same side, a suspension arm 

being pivotably connected between the radius arms. 



10. 



A vehicle according to claim 9, wherein the radius arms are of equal length. 



.10 • 11. . . . A. vehicle according to claim 9 or claim 10, wherein, the radius arms are * 
parallel. 

12. A vehicle according to any of claims 9-11, wherein the control arm is 
pivotably connected between one of the radius arms and a radius member of the 

15 differential carrier. 

13. A vehicle according to claim 12, wherein the radius member is longer than 
the radius arm connected thereto. 

20 14. A vehicle according to claim 12 or claim 13, wherein the radius member 

and the associated radius arm are parallel. 

15. A vehicle according to claim 14, wherein the radius member is twice as 

long as the radius arm. 

25 16. A vehicle according to any of claims 2-15, wherein the vehicle further 

includes a suspension means operatively connected between said chassis and respective 
wheel hubs and having opposite attachment points, said suspension means being 
operable to permit vertical movement of the chassis relative to the ground. 

30 
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17. A vehicle according to claim 16, wherein the suspension means includes a 

chassis arm pivotably connected to the chassis, said chassis arm being pivotably 
connected to one of said attachments points. 

18: "A"veMcle-accof^ 

compressible suspension units, wherein both units are pivotably connected to said 
chassis arm. 



. I?; _ A vehicle according to claim 17 or claim 18, wherein the . chassis, arm 

10 .extends . from- said upper collar, and is perpendicular to.the ground in the rest-.condition , 
of the vehicle. 

20. A vehicle according to any preceding claim, wherein the fore and aft axis is 
on a geometric centre line of the vehicle. 

15 

21. A vehicle according to any preceding claim, wherein the fore and aft axis 
passes through a centre of mass of the vehicle. 

22. A vehicle according to any preceding claim, wherein each half shaft is 
20 pivotably connected to a respective wheel hub via an outer universal joint. 

23. A vehicle according to claim 22, wherein each half shaft, is pivotably 
connected to the differential gear with an inner universal joint. 

25 24. A vehicle according to claim 23, wherein at least one of the respective inner 

and the outer universal joints provides for a change in length of the respective half 

.-r-haft 
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26. A vehicle according to any preceding claim, the vehicle further including an 

engine, wherein the engine has a shaft drive output on said axis and connected to the 
differential. 

5 • 27. - A vehicle according to any of claims 1-25,- wherein me vehicle further 
includes an engine, the engine having a drive output perpendicular to said axis and 
driving a parallel lay shaft, the lay shaft having a universal joint connected to an input 
member of the differential, the input member being on said axis so as to provide for 
pivoting of the engine relative to the differential carrier. 

28. A vehicle according to any preceding claim, wherein the engine is 
connected to the differential carrier. 

29. A vehicle as substantially described herein with reference to Figures 1-6 of 
15 the accompanying drawings. 

30. A drive train assembly for a vehicle including a chassis having a fore and 
aft axis, a differential carrier and a control arm, the differential carrier being pivotably 
mounted relative to the chassis about said axis, the differential carrier and the chassis 

20 having a control arm pivotably attached therebetween, whereby on pivoting of the 
chassis about said axis the control arm constrains the differential carrier to pivot 
relative to said chassis, in a predetermined manner. 



31. A drive train assembly as substantially described herein with reference 

25 Figures 1-6 of the accompanying drawings. 
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